the lower genital tract [1] . Timonen et al. identified 23 primary vaginal dysplasias among 12,000 patients screened during 1 year. In 1981, Woodruff reported that less than 300 cases of carcinoma in situ of the vagina had been recorded in the literature [2] . Multiple studies have found a number of risk factors for developing VAIN, including a history of previous abnormal Papanicolaou smear, radiotherapy, history of concomitant CIN or cervical cancer, smoking, history of genital warts, immunosuppression, low schooling level and low income [3] . Human papillomavirus (HPV) is the primary initiator of these vaginal lesions and VAIN is classified in a similar manner to CIN [4] . The increasingly widespread application of LBC and improved colposcopic techniques has resulted in the identification of a greater number of low genital tract lesions including VAIN, associated or not with cervical or vulvar lesions [5] . Besides sampling issues during test taking, and slide reading, erroneous results are importantly credited sample preparation and cytological interpretation. Liquid based cytology (LBC) has been developed, in part, to address these issues [6] . Although most studies reported an increased detection of low squamous intraepithelial lesions (LSIL) and decreased inadequacy rates with LBC [7] , systematic reviews yielded contradictory results [8] .
Once VAIN is a rare disease, we seek to investigate the characteristics of VAIN detected at liquid cytology examination, since we have experienced an increased frequency of VAIN in women enrolled to LBC screening. Also, we evaluated the incidence and risk factors for VAIN among women submitted to gynaecological examination at Hospital das Clínicas of Faculty of Medicine of University São Paulo, São Paulo, Brazil.
Material and Methods
The Hospital das Clínicas of Faculty of Medicine of São Paulo State University in São Paulo (HC FMUSP) is the biggest Tertiary care center in Latin-America; the Gynecological Care Unit attends around 35,000 women per year. Between August 2010 and November 2011, Women referred to Hospital das Clínicas of Faculty of Medicine of São Paulo State University in São Paulo for gynecological examination due to different reasons (previous abnormal Pap test, follow up of treated cervical lesion, abnormal bleeding and vaginal discharge, breast cancer suspicious, urogenitary prolapses, ecc) were recruit for a cross-sectional study called RODEO STUDY, a multidisciplinary study designed to evaluate the performance of LBC test performance in low-resource settings. Pregnant women and women aged less than 18 years old were excluded. At the first visit, women were enrolled to fill a brief questionnaire that elicited demographic, reproductive and sexual history information. Cytological samples were collected. Women were referred to colposcopy when they presented abnormal Pap smears results (ASC US+). Colposcopic lesions such as thin aceto-white epithelium, fine puntuaction and mosaic (Grade 1 findings) and dense aceto-white epithelium, dense punctuation and mosaic (Grade 2 findings) or suspicious of invasion features (Fragile vessels, Irregular surface, Exophytic lesion, Necrosis, Ulceration tumor or gross neoplasm) were sampled for histological evaluation. For the liquid-based cytology, the slides were prepared and stained with the Papanicolaou stain using Surepath system (Tripath Imaging Inc, Burlington, NC, USA) according to the manufacturer instructions, and screened by skilled cytotechnologists and reviewed by cytopathologists at the Department of Pathology of Hospital das Clínicas Medical Center. The cytological screening was blinded performed to the clinical data. Slides of biopsy specimens were reviewed by the pathologists without knowledge of other clinical or laboratory data. All the women diagnosed with VAIN were follow-up for two years, so this is a prospective branch of the RODEO-STUDY.
Preparation of Cytological Samples
LBC samples were collected with Combi Cervex brush (Rover, Netherland). The brush was integrally inserted into a plastic vial with SurePath liquid-medium (Tripath Imaging Inc., Burlington, NC, USA) and sent to laboratory for semi-automated slide preparation following the manufacturer instructions.
Cytological Interpretation
The slides were classified according to the 2001 Bethesda System. The slide cellularity was considered satisfactory for examination if an estimated minimum of at least 8000/12,000 cells for the conventional smear and 5000 for LBC were observed. The slides with more than 75% of squamous cells obscured by factors such as inflammatory cells and red blood cells were considered unsatisfactory.
Ethics
The study protocol has been approved by the local Ethic Committee of all participating clinics and all partici-pating women gave their agreement to take part of the study by signing the Informed Consent.
Statistical Analysis
Significance was defined as p ≤ 0.05. Comparisons between proportions were made with the Fischer Exact test, and 95% confidence intervals (CIs) for corrected estimates were calculated with the use of bootstrap resampling in which the sampling fractions were considered fixed. All analyses were conducted using SPSS software (version 15.0, SPSS Inc., Chicago, IL, USA).
Results
One thousand eight hundred and sixty six women were included in this study, twenty women denied to be part of the research, so their test results were excluded from the final evaluation. The mean age was 37 years old (range from 19 to 74). Abnormal smears were found in 443 patients (23.7%). No cases of unsatisfactory slides were detected. From these women, 244 (13%) presented ASC US, 6 (0.32%) presented ASC H, 11 (0.58%) presented AGC and 140 (7.5%) presented LSIL and 42 (2.25%) presented HSIL lesions. Histological results were available for 337 patients. We found 7 cases of invasive carcinoma (5 Adenocarcinomas-1 adenosarcoma, 1 adenocarcinoma of the cervix, 3 endometrial adenocarcinoma and 2 squamous cells carcinoma of the cervix). In the ASC US group we were able to confirm by histology 6 cases of CIN 2, one case of CIN 3, 2 cases of VAIN 2, 1 case of VIN 3 and 3 invasive cancers. In the LSIL group we found 10 cases of CIN 2 and 2 cases of VAIN 3.
In the HSIL group we were able to find 1 case of squamous invasive carcinoma, 9 cases of CIN 2, 4 cases of CIN 3, 1 case of VAIN 2 and one case of VIN 3 ( Table 1) .
We detect 25 (1.3% p = 0.0002 by Fisher's exact test IC 95% 0.0090 -0.0198) histologically confirmed VAIN ( Table 2) . VAIN was cytologically classified with different types of lesions as showed in Table 2 . From these cases, VAIN 1 was found in 20 cases (80%), VAIN 2 in three cases (11.53%) and VAIN 3 in two cases (7.7%). Patients with VAIN were slightest younger than patients with VAIN grade 2 or 3 (36.5 × 37.5 years old). We also found a VAIN incidence of 1.1% (p = 0.0031 by Fisher´s exact test IC 95% 0.0077 -0.0179) in our series. One patient was referred to colposcopy because her younger son presents a severe form of recurrent respiratory papillomatosis. Two women have been previously treated for cervical HPV induced lesion (LEEP procedure in 2007 and 2009). We also found VAIN 1 in two patients (8%) with no cytological abnormalities. CIN was associated with VAIN in five patients (20%). Three women (21.42%) were submitted to previous hysterectomy. None of them were smokers or alcoholic. The mean age of their sexual debut was 19 years old (range from 10 to 23 years). Three women (12%) presented no sexual partner within one year and 84% patients presented one sexual partner in the last year multiple sexual partners were rarely reported. Regarding parity, three women (12%) presented more than 5 vaginal deliveries, four (16%) presented 3 -4 vaginal deliveries, nine (36%) presented 1 -2 deliveries, and nine (36%) were nulliparous ( Table 3) . Vulvar lesions were found in five patients (20%) simultaneously to the vaginal features. The majority of the lesions (76%) were found in the upper third of the vagina, 16% (4 cases) in the mid third and two (8%) in the lower third.
Patient 1 (Figure 1 ) presented cytological HSIL result. Colposcopy was performed and no cervical but only vaginal atypias were found and the VAIN I histological result was reported. After six months, this patient presented an invasive adenocarcinoma of the cervix. Patient number 4 presented at first, VAIN grade I diagnosis. In the later control (after six months) she presented worsening of the visible vaginal lesion and a new biopsy was taken. It was diagnosed as VAIN 2. Laser vaporization was performed.
Discussion
This study demonstrated that VAIN is not an infrequent lesions in certain settings. The vagina is the rarest site (<1%) of the intraepithelial neoplasia in the lower genital tract. From 1977 to 1986, 0.5% VAIN frequency was reported among lower genital intraepithelial neoplasm [1] . We found a VAIN frequency of 1.3% and 1.1% in our study. We believe that LBC may have contributed in part to the recognition of these lesions in Pap test preparations because its clear background and well-preserved structures are easily recognized. But the cytological classification of these lesions was far from being specific and the morphological presentations were interpreted as squamous lesions of different grades. As far as we know, this is the first report of and systematic VAIN detection by LBC. The improvement in cytological preparations techniques tend to be associated with the better quality of cellular alterations. Actually, there are different liquid-based cytology systems currently available commercially worldwide, but few are approved by American FDA, including SurePath (formerly Autocyte PREP) and LBC system (BD, formerly TriPath Imaging Inc., Burlington, NC, USA). There has been a considerable debate on the merits of LBC compared with conventional cytology, but for developing countries, LBC seems to be more effective than conventional smears [9] . Arbyn et al. [8] in a systematic review concluded that LBC was neither more sensitive nor more specific for detection of high-grade cervical intraepithelial neoplasia compared with the conventional Pap test. In the other hand, Ronco et al. [10] reported that LBC for primary screening of cervical cancer showed a significant increased sensitivity for cervical intraepithelial neoplasia grade 1 but not for lesions grade 3 or more. Consensually, LBC is associated with a relevant reduction in unsatisfactory samples. The high quality of LBC preparations is certainly out of discussion. Colgan et al. [11] studied 352,680 specimens and they compared the detection and adequacy rates of the SurePath liquid-based cytology system (SP-LBC) with the adequacy and detection rates from a historical conventional smear (CS) group from the same laboratories during the same period of the previous year. They found unsatisfactory rate of 0.24% and importantly increased detection rate of HSIL by LBC as compared with the detection rate of HSIL by the historical CS group (P = 0.0182). We have also experienced similar findings since we do not observed unsatisfactory samples in this series. Fremont-Smith et al. [12] evaluated 58,580 SurePath™ slides and 58,988 historic conventional slides. They found a SurePath detection rate for the clinically important categories of HSIL (64.4%) and LSIL (107.16%), and a statistically significant lower proportion of unsatisfactory slides. Interestingly, Blanks et al. [13] compared the relationship between the cytology result leading to referral to colposcopy and the histology outcome from that referral before and after LBC conversion in English laboratories. The authors examined data from 102 laboratories that converted from conventional cytology to LBC and found before conversion the PPV for CIN2+ of severe dyskaryosis was 88% and after increased to 90% (P = 0.003). For moderate dyskaryosis, the PPV for CIN2+ increased from 70% to 72% (P = 0.06). The absolute difference of 18% between severe and moderate dyskaryosis was therefore the same pre-and post-LBC conversion. The agreement between cytology and histology measured using a weighted Kappa statistic increased from 0.52 to 0.60 after conversion to LBC. Our results corroborate in part this assumption since we detect almost 25% of lesions in this consecutive series, and fact not observed previously (data not shown). We didn't expect to find so many cases of VAIN in our study. Actually, the cytological alterations that we observed in screening were differently expressed in terms of frequency and cellular characteristics, oscillating from high prominent lesions till discrete morphologic cellular alterations. We can hypothesize if these minimal alterations can be observed or not in conventional smears; based on the previous experience, we can speculate that probably most of VAIN are lost in conventional smear due to the reduced number of altered cells dispersed in dirty background, which certainly limits the efficiency of morphological screening.
The different embryologic origins of the vaginal epithelium are one of the factors underlying the differences in the incidence and, above all, the lesion's evolution. The instability of the metaplastic squamous epithelium of the transformation zone in the cervix appears to favor carcinogenesis [5] . We found VAIN in 3 (12%) patients submitted to hysterectomy: two were HPV-induced lesions. It is also well established the VAIN association with CIN, VIN or condylomata. We reported four cases (16%) of VAIN and CIN and five (20%) condylomata simultaneously with VAIN. Yalcin et al. [14] reported 65.2% of VAIN lesions associated with CIN, and also Aho [2] reported 50% of vaginal lesions associated with CIN or VIN. There are few reports of VAIN in LBC samples. Bansal and colleagues [15] reported histopathologic VAIN 2/3 diagnosed from vaginal biopsies in 7 of the 48 patients (14.6%) with vaginal hrHPV (+) LSIL test results, which was quite similar to our findings.
A plausible reason for this association is that for both sites, cervix and vagina are exposed to the same carcinogenic agents. It is believed that neoplasia develops in vaginal epithelium only in exceptional circumstances [1] . Aho et al. [2] also showed that VAIN lesion could progress; these authors demonstrated that 9% of the patients had invasive carcinoma after 3 years after VAIN diagnoses. Spontaneous regression is frequent and appears to be more common in cases of VAIN [1] . The question is: does VAIN have the same evolution as CIN? Indracollo et al. [16] in a retrospective study carried out with 2854 patients tried to answer this question. Their results suggest some common features; however, the grade of VAIN may not be strongly linked with the severity of cervical lesion, suggesting a different evolution. Perhaps it is related to the fact that VAIN is not a homogeneous entity, due to HPV infection, as occurs in CIN. Only 36% of our VAIN, 1 case was detected in younger patients (>30 years old). This is an important finding, in view of the fact that these features are not just signs of a transient infection. The upper third region of the vagina was the most frequently involved site. Yalcin [14] reported the upper third section was involved in 95.8% and Indracollo et al. [15] found 51% -98% of the patients with lesions in the upper third.
Prior hysterectomy for cervical neoplasia, history of simultaneous presence of CIN, previous pelvic radiation, immunosuppression and smoking are among risk factors for VAIN [17] . Also, it is well known that patients submitted to transplant who are undergoing immunosuppressive therapy are found to be at increased risk of developing intraepithelial neoplasia. An increased incidence of CIN has been described in patients who have received renal transplants and the transient immunosuppression which occurs in pregnancy is associated with an increased incidence of genital warts and CIN lesions and a higher prevalence of HPV in cervical smears [18] . The incidence of cervical as well as anal precursor lesions and cancer is markedly higher in HIV-positive men and women compared with HIV-negative men and women [19] . Interaction between HPV and HIV has been demonstrated in vitro with the tat-I protein of HIV capable of enhancing E2 dependent HPV 16 transcription: this supposedly provides a potential mechanism for interaction between these agents and suggests that the interaction may occur in two separate ways, that is, by immunosuppression and by direct alteration of gene transcription [18] . Massad et al. [20] estimated the prevalence, incidence, and clearance of abnormal vaginal cytology and vaginal intraepithelial neoplasia (VAIN) in human immunodeficiency virus (HIV)-seropositive women. They evaluated 335 HIV-seropositive and 75 HIV-seronegative women with prior hysterectomy. The incidence of VAIN 2 or worse was 0.2 for HIV-seropositive and HIV-seronegative women. They concluded that although more common than in HIV-seronegative women, VAIN 2 or worse and especially vaginal cancers were infrequent. Our series support this conjecture since from 25 patients with VAIN, 13 have concomitant history of immunosuppression, 3 of them HIV+, 5 due to organ transplantation and 5 because of rheumatoid diseases.
An important limitation regarding our findings is the fact that all women came from HCFMUSP with a particular gynecological issue, this population is somehow different from an usual screening one. In fact, our hospital is a reference for genital lesions treatment and possibly the high frequency of VAIN is a consequence of this status. However, even considering this conjecture as a valid hypothesis, we didn't expect and never experience so many cases of VAIN in such short period of time. Despite the fact that vaginal cancer is the rarest type of cancer among women, Aho et al. [2] have shown us that VAIN does progress to invasive forms. So, we do believe that any kind of improvement must be seen with enthusiasm.
In conclusion, our work revealed additional improvements with the adoption of LBC in our routine of gynecological examination, even ameliorating the detection of VAIN, a rare condition.
